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Background: Drug resistant Mycoplasma pneumoniae (MP) is a rising issue in the management of
community-acquired pneumonia (CAP). Epidemiological monitoring is essential for identifying resistant
patterns of MP isolates against various antibiotics in adult CAP patients.

Methods: This is a prospectively designed multicenter study conducted on adult patients with CAP visiting six
teaching hospitals in the citdes of Beijing, Shanghai and Guangzhou between September 2010 and June 2012.
Results: A total of 520 adult patients (mean age: 45.7+26.2 years) with CAP visiting teaching hospitals in
the cities of Beijing, Shanghai and Guangzhou were included. Of the 520 patients, only 75 (14.42%) were
confirmed MP positive by means of culture and real-time PCR methods. Quinolones were the most common
initially prescribed antimicrobial, followed by B-lactams and B-lactams plus quinolones. Macrolide resistance
was as high as 80% and 72% against erythromycin (ERY) and azithromycin (AZM) respectively, which were
associated with the 42063G transition mutation in domain V of the 23S ribosomal RNA (rRNA) gene.
Six strains with mild to moderate ERY-resistant level were still susceptible to AZM. Tetracycline (TET),
minocycline (MIN) and quinolones [moxifloxacin (MOX) and fluoroquinolones] had no signs of resistance.
Conclusions: High resistance was observed with macrolides, whereas, none of the MP strains were
resistant to fluoroquinolones and TET. Hence, macrolide resistant MP (MRMP)_infections could be well
treated with fluoroquinolones. However, few isolated strains had minimal inhibitory concentration (MIC)

values on the edge of resistance to quinolones, alarming a quinolone-resistant MP in the near future.
Keywords: Mycoplasma pneumoniae (MP); fluoroquinolones; antibiotic resistance; beta-lactams; point mutation
Submitted Apr 13, 2017. Accepted for publication Aug 30, 2017.

doi: 10.21037/jtd.2017.09.75
View this article at: http://dx.doi.org/10.21037/jtd.2017.09.75

© Journal of Thoracic Disease. All rights reserved. jtd.amegroups.com F Thorac Dis 2017;9(10):3774-3781



Journal of Thoracic Disease, Vol 9, No 10 October 2017

Introduction

Community-acquired pneumonia (CAP) is a common
infectious disease affecting people of any age. Mycoplasma
pneumoniae (MP) is a major cause of CAP worldwide
and accounts for up to 40% of the cases in China (1).
International guidelines have recommended macrolides
or tetracyclines (TET) as the first-line drugs and
fluoroquinolones as the second-line drugs in adults,
whereas azithromycin (AZM) as the first-line drug, and
clarithromycin, erythromycin (ERY), or doxycycline
(for patients aged >8 years) along with fluoroquinolones
[levofloxacin (LVX) or MOX for adolescent patients] as
the second-line oral drugs, for mild pediatric cases (2).
However, the emergence of macrolide-resistant MP
(MRMP) has gradually increased worldwide in the last
decade, especially in China and Japan the resistance rate
has reached up to 90% (2-5). Macrolides are preferred
over other antimicrobials due to the lack of cell wall in
MP; however, macrolides are susceptible to resistance due
to point mutations in few positions of domain V of the
peptidyl transferase loop of 23S ribosomal RNA (rRNA)
gene (such as A2063G, A2064G, A2063C, A2063T, A2067G,
and C2617G) and at the location of macrolide binding to
the 50S bacterial ribosome subunit reduces the affinity of
the antibiotic towards the ribosome (1,2,6). Eventually
fluoroquinolone therapy has emerged as an efficient
treatment option for MP CAP (7). However, in vitro
studies have reported resistance of MP to fluoroquinolones
which indicates a high chance of fluoroquinolone-resistant
MP infection in the near future (8). Though, bacterial
resistance is evident for different antibiotics, the correlation
between the resistance and clinical failure of therapies are
still controversial. Hence, epidemiological monitoring
is essential to acquire a better understanding of clinical
characteristics of MP infection with resistant strains and
emphasizing the need for judicious use of antimicrobial
agents. For this purpose, we conducted a multicenter
surveillance study on adult Chinese CAP patients in three
major provincial cities Beijing, Shanghai and Guangzhou,
to monitor the resistance patterns and characterize the
mechanisms of resistance.

Methods
Study design and population

This is a prospectively designed multicenter study
conducted on adult patients (>18 years) with CAP visiting
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six teaching hospitals in the cities of Beijing, Shanghai and
Guangzhou between September 2010 and June 2012 who
had initial clinical presentations and chest radiography
findings that were consistent with CAP. A signed informed
consent was obtained from all enrolled patients. Patients
who were immunocompromised due to HIV infection;
neutropenic; receiving immunosuppressive chemotherapy;
pregnant or nursing; or had known or suspected active
tuberculosis were excluded from the study.

The study was approved by the Ethics Committee of
the Chinese People’s Liberation Army General Hospital
(Approval number 20100727-003). A standardized data
form was used to collect clinical information of individual
patient. The severity of infection was assessed using CURB-
65 scoring system.

Microbiological laboratory tests

Throat swab samples were obtained at the time of
enrollment from all patients to identify MP cultures using
colony morphology and polymerase chain reaction (9).

Clonogenic identification of MP

The throat swabs were re-suspended in 2 mL of transport
medium (Oxoid, Basingstoke, UK) and then aliquoted
(200 pL). A 200-pL aliquot was mixed with 1.8 mL of liquid
broth medium (Oxoid) and incubated at 37 °C. Growth of
MP produces acid by fermentation of glucose, which results
in the color change of phenol red indicator to yellow. This
change in color within one to six weeks was an indicator of
positive MP growth.

PCR detection of MP

DNA samples were extracted from all isolated strains using
the DNA Mini-kit (Qiagen, Hilden, Germany) according
to the manufacturer’s protocol and the presence of MP
DNA was diagnosed using PCR Fluorescence Probing kit
(Zhi-Jiang Co., Ltd, Shanghai, China) with the following
PCR amplification system: DNA template (2 pL), MP
PCR reaction mix (40 pL) and Taq enzyme (3 pL). The
PCR reaction was carried out using a quantitative PCR
instrument (ABI Prism 7500, Applied Biosystems, Foster
City, USA) under the following conditions: 93 °C for 2 min,
followed by 10 cycles of 93 °C for 45 s 55 °C for 1 min, and
another 30 cycles of 93 °C for 0.5 min and 55 °C for 10 min.
Mutations associated with resistance to macrolides at sites
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2063, 2064, and 2617 in the MP 23S rRNA domain V gene
region were detected by a sequencing method described
previously (10).

Determination of antimicrobial resistance

The isolates were cultured on a broth medium and the
minimal inhibitory concentrations (MICs) of antimicrobial
agents were determined by a broth microdilution method
based on the document published by National Committee
for Clinical Laboratory Standards (Clinical and Laboratory
Standards Institute) (11).

The following antibiotics were tested: ERY, AZM,
TET, minocycline (MIN), LVX, and MOX. Antimicrobial
resistance was defined as: ERY: S <0.5 pg/mL; R >1 pg/mL;
AZM: S <0.5 pg/mL; R >1 pg/mL; TET: S <2 pg/mL;
MOX: § 0.5 pg/mL; LVX: S <1 pg/mL (12).

Sequence analysis

The total length of the 23S rRNA gene of each MP isolate
was amplified and sequenced by the method described
previously (11). The mutations of 23S rRNA have been
deposited in the GenBank sequence database and were
assigned the accession numbers HM043729, HM043730
and HMO043731. Amplification of ribosomal protein L4 and
L22 fragments was performed with the primers. Sequencing
results were analysed with CLC Sequence Viewer (CLC
Bio, Aarhus, Denmark) and were compared with the M129
complete genome sequence. PCR restriction fragment-
length polymorphism typing of the PI gene and pulsed-field
gel electrophoresis typing were conducted for all MP isolates.

Statistical analysis

Comparisons of clinical characteristics were conducted
using an unpaired Student’s #-test, the Mann-Whitney test,
or the Chi-square test (SPSS for Windows 16.0, Chicago,
IL, USA). A P value <0.05 was considered to be statistically
significant. WHONET 5.6 software was used to set up a
MIC:s database and perform resistance analysis.

Results
General characteristics

A total of 520 patients (mean age: 45.7+26.2 years; male,
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n=268) were enrolled in this study. Clinical characteristics
of all patients were showed in Table 1. Of these patients, 342
(65.8%) were outpatients. The most common symptoms
were cough (94.4%) and fever (86.5%). A total of 135
patients had co-morbid illness, majorly chronic obstructive
pulmonary disease (COPD) and other pulmonary disease,
followed by cardiac-cerebral vascular diseases and diabetes.
According to the CRB-65 score system, scores of 0, 1-2 and
>3 were observed in 380, 134, and 6 patients, respectively.
Only 75 patients (14.42%) were confirmed to be MP
positive by means of culture and real-time PCR methods.

Patients medication

Of the 520 patients, 331 (63.65%) had received antibiotic
therapy within 72 h prior to enrollment. B-lactams,
quinolones and macrolides were the most commonly used
antibiotics (Figure I). Post-enrollment in the study, data for
426 patients receiving antibiotic treatment, quinolones were
the most common initially prescribed (269/426), followed
by B-lactams (78/426) and B-lactams plus quinolones
(35/426). Only 28 patients were initially treated with
combination of macrolides with B-lactams and 7 patients
treated with macrolides alone, Figure 2.

In vitro antimicrobials susceptibility

A total of 75 MP strains were obtained by culture,
of which 60 strains (80%) were resistant to ERY and
only 54 strains (72%) were resistant to AZM. Six
strains with mild to moderate ERY-resistant level
were still susceptible to AZM. TET and MIN showed
similar MICs distribution for MP and had no signs of
resistance. MIC of ERY ranged from <0.004-256 pg/mL,
Table 2. MIC value of M129 strain (pg/mL) was significant
for ERY and AZM (P<0.008). Of the 54 ERY&AZM
double-resistant strains, 53 strains harbored an 42063G
transition in domain V of the 23S rRNA gene and only
1 strain harbored an A2064G transition. In the rest
6 strains that were resistant to ERY but susceptible to AZM,
only 2 strains harbored an 42063G transition (Tuble 3).

Discussion

MP is a common pathogen generally associated with mild
to moderate CAP (9,13). This cell wall deficient atypical

microorganism shows insensitivity to antibiotics such as
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Variables All patients MP positive patients MP negative patients
Patients (n) 520 75 445
Sex (male/female) 268/252 30/45 238/207
Age (years) 45.7+26.2 36.20+17.54 43.49+19.79*
Inpatients/outpatients 178/342 28/47 147/298
Laboratory findings
White blood cell count (x10%L) 8.83+3.77 7.80+4.27 8.81+3.69
Clinical symptoms, n (%)
Cough 491 (94.4) 67 (89.3) 424 (95.2)
Fever 450 (86.5) 57 (76.0) 393 (88.3)
Breathlessness 72 (13.8) 12 (16) 60 (13.4)
Chest pain 49 (9.4) 6 (8.0) 43 (9.96)
Hemoptysis 20 (3.8) 3 (4.0) 17 (3.8)
Previous disease history, n (%)
COPD 22 (4.2) 2 (2.6) 20 (4.5)
Other pulmonary diseases 37 (7.1) 1(1.3) 36 (8.1)
Diabetes 25 (4.8) 34 22 (4.9)
Cardiac-cerebral vascular diseases 35 (6.7) 3(4) 32 (7.2)
Cancer 20 (3.8) None 20 (3.8)
Others 14 (2.6) None 14 (2.6)

*, comparison between MP positive patients and MP negative patients, P=0.005. MP, Mycoplasma pneumoniae; COPD, chronic

obstructive pulmonary disease.
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Table 2 MIC values of all isolated 75 MP strains
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Antibiotics MICs range (ug/mL) MICs, (ug/mL) MICq, (ug/mL) MIC value of M129 strain (ug/mL)
ERY <0.004-256 64 256 <0.008
AZM <0.004-128 8 128 <0.008
TET 0.008-1 0.25 0.25 0.125
MIN <0.016-0.5 0.064 0.125 0.016
LVX 0.032-0.5 0.25 0.5 0.064
MOX 0.016-0.5 0.125 0.125 0.064

ERY, erythromycin; AZM, azithromycin; TET, tetracycline; MIN, minocycline; LVX, levofloxacin; MOX, moxifloxacin; MIC, minimal inhibitory

concentration.

Table 3 Characteristics of 6 ERY-resistant but AZM-susceptible MP strains

MICs value (ug/mL)

Strains Clinical characteristics Point transition
ERY AZM TET MIN MOX LVX

1 Female/21 years/outpatient None 1 0.5 0.064 0.064 0.032 0.25
2 Female/56 years/inpatient None 4 0.008 0.125 0.125 0.032 0.064
3 Female/20 years/inpatient None 2 0.5 0.25 0.25 0.125 0.064
4 Male/80 years/inpatient None 2 0.008 0.125 0.125 0.064 0.125
5 Female/29 years/outpatient A2063G 16 0.5 0.032 0.032 0.016 0.25
6 Female/21 years/outpatient A2063G 32 0.5 0.25 0.125 0.032 0.032

beta-lactams and aminoglycosides leading to the undisputed
use of macrolide antibiotics as first line drug of choice in
CAP. However, the use of macrolides has begun to subside
due to a high rate of macrolide resistance exhibited by MP
globally (6,13-17).

MP can develop macrolide resistance by point mutations
in the 23S rRNA gene, which reduces the affinity of the
antibiotic for the ribosome. Mutations in the sequence
of 23S rRNA, A2063G was the most prevalent, followed
by A2064G, A2063T and A1290G. A2063G and A2064G
mutations are always responsible for the high-level
macrolide resistance in MP (2). In the present study, we
found that 80% of MP isolated strains were resistant to
ERY, and 72% were resistant to AZM. Fifty-five ERY-
resistant MP strains harbored an A2063G transition in the
23S rRNA genes and one harbored an 42064G transition,
which was consistent with previous reports that the 42063G
transition was the most frequent mutation related to
macrolides resistance (2,10). Further, it is interesting to
note that 6 strains with mild to moderate ERY-resistance
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level were still susceptible to AZM, among which only
2 strains (MIC value 16 and 32 pg/mL, respectively)
harbored an 42063G transition.

Available data indicated that infection with MRMP
will lead to a longer duration of therapy, persistent
cough and increased time to resolution of fever
compared with treatment-susceptible infection (2).
Because of in vitro susceptibility, fluoroquinolones and
TET are recommended as the effective alternatives for
MRMP associated treatment failures (1,2,6). However,
it is debatable how in vitro resistance translates into
clinical outcomes. Large scale clinical trials are scarce
on this subject. As macrolide resistance has clinical
outcomes such as longer duration of fever, cough and
hospital stay, alternative antibiotic treatment such as
TET or fluoroquinolones are often being used (1,18).
Whether macrolides should be removed as the first-
line choice of MP pneumonia is still doubtful as in vitro
study suggests that macrolides would still work in the
treatment of mild to moderate MRMP infection due
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to their immunomodulatory and anti-inflammatory
properties (19). Further, Fluoroquinolones might also
show antimycoplasmal activities against macrolide- and
tetracycline-resistant strains of MP due to the different
mechanism of action and show excellent penetration into
lung tissue, in particular bronchial secretions (20,21).
Though fluoroquinolones are effective in the treatment
of MP infection, these agents are not recommended in
children due to their toxicity. The clinical importance of
fluoroquinolones has not been demonstrated because they
have been known to cause cartilage erosion in pre-clinical
studies (7).

Furthermore, the prevalence of MRMP in adult CAP
patients was lower than those reports in pediatric patients
reported previously in China (1,7) and lower than adult
CAP patients of Zhejiang province reported previously (1).
This apparent inconsistency could be due to the varied
nature of study population. Also, 65.7% patients of this
study were outpatients, whereas, 60% of the patients from
the pediatric studies were inpatients (7). A high proportion
of inpatients might mean a greater chance of MRMP
infected patients with severe illness.

Further, none of the strains showed resistance to
quinolones or TET in this study. However, it should be
noticed that few isolated strains with MIC values on the edge
of resistance to quinolones (MIC value of 1.0 and 0.5 pg /mL
for LVX and MOX, respectively) were observed, hence
judicious use of quinolones should be considered in order to
prevent development of quinolone resistant MP strains.

It is well known that the macrolide-lincosamide-
streptogramin B (MLS) antibiotics inhibit protein
synthesis by binding to domain II and/or domain V of
23S rRNA (22,23). The mutations of A-to-G transition at
position 2063 induce a high-level of macrolide resistance,
whereas, mutations of A-to-G transition at position
2064 and 2617 and A-to-T transition at position 2063
induce low-level resistance (10). Several studies have
indicated that macrolide resistance in MP may have
clinical significance in treatment failure of drugs (24-26).
As an alternative to the time-consuming agar-and broth-
based in vitro testing method, point mutations in the 23S
rRNA region can be identified as a marker of macrolide
resistance by PCR methods in respiratory samples. Results
from clinical specimens revealed that the aforementioned
23S rRNA point mutations were not detected in some
isolated strains with low to moderate level of macrolide
resistance (27). Hence, whether those point mutations will
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be responsible for the all the MRMP strains should be
elucidated in future prospective studies.

Our study has several limitations, which include: (I) low
prevalence of MP CAP; (II) we performed in vitro resistance
analysis in this study. Comparative resistance analysis of
macrolides with other antimicrobials will be performed in
future studies; (IIT) data from three large cities does not
provide a picture of rural MRMP prevalence. Hence, the
difference in prevalence of MRMP between large cities and
rural areas need further investigations.

Conclusions

High resistance was observed with macrolides, whereas,
none of the MP strains were resistant to fluoroquinolones
and TET. Hence, MRMP infections could be well treated
with fluoroquinolones. However, few isolated strains
had MIC values on the edge of resistance to quinolones,
alarming a quinolone-resistant MP in the near future.
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